Of the twenty-seven internal degrees of freedom of propane, all nondegenerate, twenty-two may appear as fundamental absorption bands. These bands fall into three symmetry classes, designated AI, BI and B 2 , and distinguishable by their characteristic contours. Because of overlapping, however, it is impossible in many cases to determine their positions precisely. This is especially true in the regions of the C -H valence and deformation frequencies. Some ten or twelve fundamental bands may be identified with confidence as well as a number of combinations. An Al band at 870 cm-I and a B2 band at 748 S OME years ago the infra-red absorption spectrum of propane was investigated with a prism spectrometer by Bartholome.l He found eleven bands between 14J.L and 3.2J.L, and eleven others, generally weaker, at wave-lengths below 3.2J.L. They were not resolved sufficiently, however, to determine ,the characters of the associated motions. Several measurements of the Raman spectrum have also been reported,2 and the distances between carbon atoms have been determined by means of electron diffraction. 3 This molecule belongs to the symmetry group C2, " with the three carbon atoms forming an isosceles triangle whose vertex angle is obtuse. Twenty-seven internal degrees of freedom are indicated, without degeneracies. All the funda-* Now at Hwa Nan College, Nanping, Fuchien, China.
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Bhagavantam, Ind. J. Phys. 6, 595 (1932) cm-I have been partially resolved, the line spacing being about 1.47 cm-I in agreement with predictions based upon' electron diffraction measurements. The fine structure of the BI bands has not been observed (the predicted spacing is 0.5 cm-I ) but the interval between maxima of the P and R branches is approximately 26 cm-I as expected. With 24 cm-atmospheres of gas no bands were observed between 15!-, and 35!-" although the symmetrical C -C deformation might be expected to produce a band of appreciable intensity within these limits. This frequency has apparently been observed in Raman spectra at 375 cm-I .
mental frequencies are permitted in Raman scattering, and twenty-two of the twenty-seven should be infra-red active. Because of the relatively large moments of inertia, complete resolution of the rotational structure of the bands cannot be expected. Certain ones may be partially resolved, however, and for the others band envelopes may yield valuable information concerning the directions of oscillation of the electric moment, as has been shown by Dennison,4 by Nielsen,s and by Badger and Zumwalt. 6 The last named authors have described the three different shapes of band envelopes to be expected for oscillations in different directions within the molecule. is along the twofold axis (the axis of the intermediate moment) the symmetrical motion falls in the class A 1, which includes nine modes of vibration. These bands are without obvious Q branches. The seven different motions in symmetry class BI are parallel to the plane of the carbon atoms but antisymmetric with respect to the twofold axis, hence the changes in electric moment are along the axis of minimum moment of inertia. The resulting bands have P, Q and R branches of comparable intensities, the Q branch being rather broad. The symmetry class B2 includes six oscillations in which the changes of electric moment are along the axis of maximum moment of inertia, i.e., normal to the plane of the three carbon atoms. They give rise to bands with narrow and intense Q branches. A fourth symmetry class A2 includes five symmetrical vibrations, none of which yield infra-red bands since they involve no change in electric moment.
Another rough but convenient classification of bands places them in three groups depending upon which particular atoms are principally involved in the motion. Only limiting cases are considered, and it must be remembered that the actual oscillations are not so simple; in general they involve linear combinations of the limiting cases. The first group includes motions primarily associated with the CH 2 , the second includes the CHa oscillations, and the third those vibrations of the triangular structure formed by the three radicals each considered as rigid. This third group consists of nine torsional oscillations, three for each radical, and the three vibrations analogous to those of a symmetrical nonlinear triatomic molecule XY 2. The masses of the radicals being 15, 14 and 15, these last three frequencies should all lie below 1200 cm-I . Dadieu and Kohlrausch 7 have predicted that the lowest one, corresponding to the symmetrical deformation, should occur at approximately 400 cm-I . Subsequently Bhagavantam observed a Raman displacement at 377 cm-I , and Kohlrausch and Koppl reported 373 em-I. There is in the Raman spectrum one sum band (1278 em-I) which seems to involve this frequency, but the corresponding difference has not been observed. Bartholome failed to find any infra-red band near 375 cm-I , and our own results are equally negative. It is interesting to note that the ace vibration in propane appears to be so nearly inactive, since the corresponding infra-red band is very strong in nonlinear triatomic molecules.
EXPERIMENTAL
We have examined the spectrum of propane between 1.35M and 35M with a prism grating spectrometer, using an absorption cell 25 cm in length. The windows were either of NaCI or of KBr. Since the instrument is not completely enclosed, atmospheric water and carbon dioxide interfere appreciably with the measurements in some regions. Three bands have been partially resolved, the contours for several others have been determined, and a number of new bands have been located. No absorption of measurable intensity was found between 13M and 35M. Figures 1 to 3 present the observed results. The effective slit widths and the amount of gas used in each case are indicated in Table I, while  Table II lists the positions of the various bands, their apparent symmetry characters, and possible assignments. It must be emphasized that a completely unique scheme of assignments would require more information than is as yet available. Moreover, in regions where several bands overlap it is not always possible to identify the components without ambiguity; hence the precise positions must be uncertain in some cases. This is particularly true around 1400 cm-I and 3000 cm-I where the C -H vibrations occur. Some assistance in the interpretation of various bands is provided by data already available upon the analogous motions in ethane, ethylene and cyclopropane. These are also included in Table II . Most of the A 1 frequencies are determined by Raman observations only, and for the liquid state. Two of the Bi class also appear in Raman scattering as rather broad lines. The A 1 infrared bands, lacking Q branches, are difficult to locate precisely unless isolated, as at 870 cm-i . The methyl C -H valence vibrations apparently are complicated by resonance interaction, so that in class A 1 there are four Raman lines near 3000 cmi , and in each of the classes Bi and B2 at least two infra-red bands. These, of course, cannot be assigned individually to specific motions.
It is suggested that the B2 band at 748 cm-i arises from a rocking motion of the methyl radicals in a direction normal to the C 3 plane. For the corresponding motion parallel to the plane, the Bi band at 922 cm-i is proposed. Such specific assignments are perhaps hardly justified since both motions involve oscillations of the methylene also: in fact the pair of Bi bands at 1152 and 922 cm-t, and the pair of Ai bands at 1179 and 748 cm-t, are each combinations of the two limiting cases to which they have been assigned. The two normal frequencies in either case may have been quite close together, with the observed separation due to interaction.
The torsional motions T" of the methyl radicals around their own symmetry axes (in and out of phase) are of particular interest, but have not been identified. Their frequencies are probably low, and in consequence the excited states should be well populated. The transitions corresponding to any of the T" oscillations may have somewhat different frequencies when the initial state is one of the T" excited levels. This would explain the broadening of the observed Q branches, particularly that of the 922 cm-i band, which exhibits a second intense maximum at 925 cm-i • Another possible interpretation, which, however, seems less probable, is to assign the frequencies 922 and 925 to the two infra-red T u bands, and the frequency 748 to the T" band of type B 2 • The doublet type band at 870 cm-i may be assigned with confidence to the symmetrical valence vibration of the C a framework. Apparently a second band, either of class BI or B 2 , is superposed upon it, the Q branch appearing at 864 em-I. In the neighborhood of 1936 cm-I a band is observed which, though only partially resolved, appears to be of the doublet (A r) type, with a very irregular contour. This is probably a combination of the two BI bands at 922 and 1053 em-I. One other combination, observed as a Raman line, has already been mentioned; it is 1278=922(B I )+375(A I ). Two moderately intense bands remain to be considered. They both have prominent Q branches, one at 1338 cm-I and the other at 720 em-I; and they appear to belong to type B 2• No positive assertion regarding their origin can be made. Even the lower frequency seems much too high for the fundamental T". It also seems too intense to represent the difference transition 1468-748. A possible explanation is that these two bands are sum and difference combinations of a low frequency A2 band (T,,) with the BI band at 1053. This would indicate a frequency of 333 cm-I for one of the T .. levels.
A number of other infra-red absorption regions have been observed, mostly at higher frequencies, representing multiple and combination bands. These are displayed in Fig. 3 . Although some resolution is indicated, it seems hardly feasible at present to assign band centers, or to make definite assertions regarding their interpretation.
The B2 band at 748.0 em-I, shown in Fig. 1 , has been resolved into a fairly regular set of some twenty lines, almost equally spaced, as would be expected for a molecule having two nearly equal moments of inertia. By isolating the normal state a value of 1.475 cm-I has been obtained for
2 , where a is the reciprocal of the smallest moment of inertia, and d is the mean of the reciprocals of the other two.
The Al band at 870 cm-I has also been partially resolved, with an average line interval in the R branch of 1.40 em-I. These frequency differences compare favorably with the value 1.47 computed for A I and B2 bands using the C -C distances obtained by electron diffraction, and the C -H distance from methane. The corresponding line interval in the BI bands should be about 0.5 Table IV the positions are given for the observed fine structure lines in the bands at 748 cm-I and 870 em-I, and also for a number of the maxima appearing in the complex band near 1936 em-I.
